Resuscitation of Hypotensive Traumatic Brain Injured Animals With Spray-Dried Plasma Does Not Adversely Alter Physiology and Improves Blood-Brain Barrier Function.
According to the Defense and Veterans Brain Injury Center and the Armed Forces Health Surveillance Center, the number of soldiers who have sustained a traumatic brain injury (TBI) has risen dramatically over the past decade. Studies have shown that brain damage can be exacerbated if blood loss occurs (often occurring in polytrauma). As blood supply is critical for brain function and survival, TBI patients must be properly resuscitated to maintain blood volume, blood pressure, and cerebral perfusion. Recent studies have suggested that blood loss can damage the vascular endothelium and enhance blood-brain barrier (BBB) permeability. Brain endothelial cells and the tight junctions between them are key structural components of the BBB. As the BBB is critical for isolating the brain from potential pathogens and for regulating the influx of molecules into the brain, evaluation of resuscitation fluids for their efficacy to improve BBB function has clinical relevance. Although whole blood and fresh frozen plasma (FFP) contain the essential coagulation factors, ions, and other factors, the transport and storage of these products in remote, austere environments can be challenging. The use of spray-dried plasma (SDP) has several advantages including storage at ambient temperature, can be readily reconstituted before use, and infectious materials can be inactivated during the drying process. In this study, we compared FFP and SDP for their effects on blood pressure, cerebral blood flow, BBB integrity, and markers of endothelial cells and tight junction proteins, in TBI animals with blood loss. All procedures were reviewed and approved by the UTHealth animal welfare committee. Sprague Dawley rats received controlled cortical impact brain injury followed by removal of 25% blood volume. Animals were resuscitated 40 minutes later with either FFP or concentrated SDP (Resusix) Heart rate and blood pressure were monitored continuously using catheters implanted into the femoral artery. Cerebral perfusion was assessed using a scanning laser Doppler device. Twenty-four hours after the injury and resuscitation with either FFP or SDP, BBB integrity were monitored by measuring the amount of Evans Blue dye in the injured brain following its intravenous administration. As this dye is excluded from the uninjured brain, its presence in the injured brain is an indicator of BBB breakdown. In addition, von Willebrand Factor immunohistochemistry was used to examine endothelial cell loss, whereas claudin-5 immunohistochemistry was used to assess the loss of tight junctions, in FFP- and SDP-resuscitated TBI animals. Our results show that post-TBI resuscitation with FFP and SDP had similar influences on cardiovascular physiology and cerebral perfusion. Resuscitation with SDP after TBI was found to decrease BBB permeability as indicated by reduced Evans Blue dye extravasation, and increased levels of von Willebrand Factor and claudin-5, as compared to resuscitation with FFP. These preclinical results show that resuscitation with SDP may be superior to FFP, and support the further evaluation of this product as a resuscitation fluid for polytrauma patients with TBI.